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I n t r o d u c t i o n  
hlol ten a l k a l i  n i t r a t e ,  a s t r o n g  o x i d i z i n g  a g e n t  h a v i n g  l o w m e l t i n g  

p o i n t ,  i s  i n t e r e s t i n g  t o  u s e  a s  a n  o x i d i z i n g  a g e n t  and  s o l v e n t  i n  t h e  
o x i d a t i o n  r e a c t i o n s  of b o t h  i n o r g a n i c  a n d o r g a n i c  compounds. P r e v i o u s l y ,  
we have a p p l i e d  c a u s t i c  soda-dodium n i t r a t e  m e l t  t o  t h e  p r o d u c t i o n  of 
ch romate  o r  o x y a c i d s  o f  manganese.  In  t h e  p r e s e n t  p a p e r ,  we have e x -  
amined i t  f o r  t h e  o x i d a t i o n  of  c o a l s ,  t h e r e b y  s t u d i n g  t h e  e f f e c t s  o f  
r a n k ,  r e a c t i o n  t e m p e r a t u r e ,  c o n c e n t r a t i o n s  of  c a u s t i c  soda  and sodium 
n i t r a t e ,  and p r e - o x i d a t i o n  o n  t h e  y i e l d s  o f  o x i d a t i o n  p r o d u c t s .  
c a r b o x y l i c  a c i d s  i n  t h e  p r o d u c t s  a r e  c u r r e n t l y  n o t e d  a s  i m p o r t a n t  raw 
c h e m i c a l s .  

Benzene- 

Experiment  
Three k i n d s  o f  f o r e i g n  c o a l s ,  L a t r o b e  c o a l ( A n s t r a l i a ) ,  Amax c o a l (  

U.S.A.) , and G o o n y e l l a  c o a l ( A u s t r a 1 i a )  w e r e  u s e d .  T h e i r  p r o p e r t i e s  
are  shown i n  T a b l e  1. Coa1(100-150mesh) 5 g ,  c a u s t i c  soda  15Og, sodium 
n i t r a t e  0-38g,  a n d  w a t e r  40g were p l a c e d  i n  a n  au toc lave (SUS 304) 
equ ipped  w i t h  a m e c h a n i c a l  s t i r r e r ,  were m a i n t a i n e d  a t  150-3OO0C f o r  3 
h r s .  A l k a l i n e  s o l u t i o n s o f r e a c t i o n  p r o d u c t s  were a n a l y s e d f o r  r e s i d u e ,  
humic a c i d s ( w a t e r s o l u b 1 e  a c i d s  o f  h i g h  m o l e c u l a r  w e i g h t ) ,  a n d  a r o m a t i c  
a c i d s  o b t a i n e d b y t w o  s t a g e s  m e t h y l  e t h y l  k e t o n e  e x t r a c t i o n  from a c i d i -  
f i e d  s o l u t i o n s  of  o x i d a t i o n  p r o d u c t s .  N i t r a t e  and n i t r i t e  i n  t h e  a l k a -  
l i n e  s o l u t i o n s  w e r e  a l s o  d e t e r m i n e d .  A r o m a t i c  a c i d s  were f i r s t  e s t e r -  
i f i c a t e d  by d i a z o m e t h a n e .  B e n z e n e p o l y c a r b o x y l i c  a c i d s  were t h e n  de-  
t e r m i n e d  a s  e s t e r s  by t e m p e r a t u r e  programmed g a s  ch romatography  u s i n g  a 
SE-30 column. 

T a b l e  1. A n a l y s e s  o f  s ample  c o a l s  
Sample U l t i m a t e  a n a l y s e s ( %  d . a . f . )  Ash 

C H N 0 ( % d )  
L a t r o b e  c o a l ( V i c t o r i a )  6 4 . 1 0  4 . 8 5  0 .09  30 .96  1 . 0 6  
Amax c o a l ( U t a h )  76.53 5.22 1 . 7 7  16.48 8 . 8 7  
Goonye l l a  c o a l ( Q ' 1 a n d )  85.49 5 .05  2 .07  7 .39  7.04 

R e s u l t s  and D i s c u s s i o n  
L i s t e d  i n  T a b l e  2 a r e  t h e  r e s u l t s  o b t a i n e d  f o r  L a t r o b e  c o a l .  

L a t r o b e  c o a l  was f o u n d  t o  be  e a s i l y  s o l u b l e  i n  t h e  c o n c e n t r a t e d  a l k -  
a l i n e  s o l u t i o n s  l e a v i n g  a s m a l l  amount of  r e s i d u e .  Aromat i c  a c i d s  a s  
w e l l  as humic a c i d s  was formed i n  good y i e l d  even i n  t h e  a b s e n c e  of 
sodium n i t r a t e .  Upon f u r t h e r  o x i d a t i o n  a t  r a i s i n g  t e m p e r a t u r e  and i n -  
c r e a s i n g  amount of n i t r a t e ,  however ,  humic a c i d s  gave r i s e  t o  a r o m a t i c  
a c i d s .  The maximum y i e l d  of  a r o m a t i c  a c i d s  was t h u s  r e a c h e d  a t  200°C 
a n d  7g of  sodium n i t r a t e .  The r a t i o  of  a r o m a t i c  a c i d s / h u m i c  a c i d s  
r e a c h e d  maximum a t  250°C and 18-38g of sodium n i t r a t e ,  b u t  t h e  y i e l d  of 
a r o m a t i c  a c i d s  became much h i g h e r  a t  t h e  amount of sodium n i t r a t e  l e s s  
t h a n  18-38g.  
m a t e r i a l s  t o  n i t r i t e  and f u r t h e r  t o  n i t r o g e n  and ammonia depend ing  on 
t h e  r e a c t i o n  c o n d i t i o n s .  I n t h e  a b s e n c e  o f w a t e r ,  t h e  c o a l  was c o n v e r t e d  
t o  c a r b o n  d i o x i d e  and w a t e r  w i t h  t h e  c o n c u r r e n t  r e d u c t i o n  of  n i t r a t e  t o  
n i t r o g e n  a s  shown i n  T a b l e  3.  The maximum y i e l d  of a r o m a t i c  a c i d s  was 

On t h e  o t h e r  h a n d ,  n i t r a t e  was r e d u c e d b y  t h e  ca rbonaceous  
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T a b l e  2 .  O x i d a t i o n  o f  L a t r o b e  c o a l  
Temp. 

("C) 
L - 1  150a 
L -  2 
L -  3 
L-4 200 
L -  5 
L -  6 
L -  7 
L -  8 b 
L -  9 C 
L-10 250 
L - 1 1  
L - 1 2  
L- 13 

Coa l  

(g )  
1 0 . 4 3  
1 2 . 5 8  
1 2 . 5 8  
5 .035  
5.019 
5 .084  
5.034 
5.029 
5 .008  
5.024 
5.020 
5.024 
5.029 

NaN03 

1 7 . 3 6  
44 .74  
94 .37  

0 
6 . 9 7  

17.79 
37.80 
1 7 . 9 7  
17 .94  

0 
6 . 9 5  

1 7 . 9 2  
37.82 

(g) 

Y i e l d s  

R e s i d u e  
8 
8 
2 
9 
4 
3 
3 
2 
5 
4 
3 
2 
2 

t o  c o a l ( w t % )  E 
Humic Aromat ic  
a c i d s  a c i d s  

30 30 
43 25 
4 3  28 
40 30 
30 6 3  
20 60 
1 7  35 
11 53 
1 0  36 
29 38 

55 i 7  6 50 

2 1 9  

401 r a t i o s  t o  
i n i r i a l  NO;(%) 
No3 N O 3  

46 .6  4 6 . 1  
79 .7  1 8 . 4  
74.8 1 6 . 4  

0 48 .8  
1 7 . 6  7 4 . 3  
46 .3  49 .2  

0 8 5 . 8  
0 8 9 . 1  

0 1 9 . 5  
3 . 8  8 6 . 3  

1 0 . 1  82 .0  
a;.NaOH 400g, b ;  6 h r ,  c ;  9 h r  

T a b l e  3 .  E f fec t  o f  c a u s t i c  s o d a  c o n c e n t r a t i o n  on o x i d a t i o n  of 

(Temp. 25OoC. NaOH 5 .5g ,  NaN03 6 . 3 g ,  t i m e  3hr  i n  a 15ml a u t o c l a v e )  
L a t r o b e  c o a l  

Coal  Water  Y i e l d s  t o  c o a l ( w t % )  Mol r a t i o s  t o  

(g) ( g )  R e s i d u e  a c i d s  a c i d s  N O 3  NO2 
Humic A r o m a t i c  i n i t i a l  N I ) j ( % )  

L - 1 4  2 . 0 1 3  1 0 1 0.6 5 . 6  
L-15 2 .032  1 . 4  1 1 5  40 1 3 . 7  5 2 . 7  
L-16 2.012 2 . 6  2 1 6  49 2 1 . 4  5 0 . 4  
L - 1 7  2 .015  3 . 4  3 1 5  52 29.6 4 6 . 8  
L-18 2.032 6 .4  5 1 5  40 4 2 . 4  2 9 . 5  

r e a c h e d  a t  c a u s t i c  s o d a  c o n c e n t r a t i o n  o f  a b o u t  60 -70% u n d e r  which  t h e  
r a t i o s  o f  a r o m a t i c  a c i d s / h u m i c  a c i d s  were  a b o u t  3.  I t  was c o n f i r m e d  
t h a t  e v e n  u n d e r  t h e  h i g h  r a t i o  of c o a l  t o  t h e  s o l v e n t  shown i n  T a b l e  3, 
L a t r o b e  c o a l  underwent  t h e  o x i d a t i o n  by n i t r a t e .  

Amax c o a l  was o n l y  p o o r l y  s o l u b l e  i n  c o n c e n t r a t e d  c a u s t i c  s o d a  
s o l u t i o n s  a n d  t h e  y i e l d s  of humic a c i d s  and a r o m a t i c  a c i d s  were v e r y  
low i n  t h e  a b s e n c e  o f  sodium n i t r a t e .  The amounts  o f  t h e  i n t e r m e d i a t e s  
i n c r e a s e d  w i t h  i n c r e a s i n g  amount of  sodium n i t r a t e  a s  shown i n  T a b l e  4.  

A- 1 
A-  2 
A: 3 
A- 4 
A- 5 
A- 6 
A- 7 
A- 8 
A- 9 
A -  1 0  
A - 1 1  
A-12 
A-13 

T a b l e  4 .  O x i d a t i o n  o f  Amax c o a l  
Temp. Coa l  N a N 0 3  Y i e l d s  t o  c o a l ( w t 8 )  Mol r a t i o s  t o  

Humic A r o m a t i c  i n i t i a l _ N 0 3 ( % )  
( g )  R e s i d u e  acids  a c i d s  N O 3  

8 3  1 01 9 4 . 1  ":29 
(g)  

5 .082 21 .95  
("C) 
150  
200 4 .935  0 78 2 4 

5.167 7.07 4 1  1 4  1 2  
5 .294 1 4 . 2 0  2 2  1 5  9 
5.192 21 .18  1 4  42 23 
5 . 2 9 5  38 .05  1 6  25 1 3  

a 4 . 9 8 3  22.18 70 4 4 
b 5 .084 21.49 14 23 1 4  
C 5 .014 21.60 1 6  45 2 1  

250 5 . 0 9 1  0 78 4 6 
5.123 7 . 1 1  1 3  3 3  25 
5.138 21.72 5 36 29 
5.100 37 .83  1 0  2 0  27 

1 8 . 1  70 .4  
3 9 . 3  5 0 . 5  
41.4 54.2 
72 .5  27.5 
92 .2  5 .9  
49 .8  43 .9  
38 .6  56 .3  

0 5 5 . 5  
0 .8  9 5 . 3  

1 9 . 3  71 .5  
a ;  l h r ,  b ;  6 h r ,  c ;  9 h r  
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The fo rma t ion  o f  t h e  i n t e r m e d i a t e s  r e a c h e d  a t  i t s  maximum w i t h  21g 
sodium n i t r a t e .  The maximum y i e l d  o f  a r o m a t i c  a c i d s  was r e a c h e d  a t  
25OoC, b u t  l ower  t h a n  t h a t  o b s e r b e d  f o r  L a t r o b e  c o a l .  The r a t i o s  o f  
a r o m a t i c  a c i d s / h u m i c  a c i d s  were  c o n s i s t e n t l y  lower  t h a n  t h o s e  f o r  
La t robe  c o a l .  

Goonyel la  c o a l ,  s p a r i n g l y  s o l u b l e  u n d e r  t h e  h y d r o t h e r m a l  con-  
d i t i o n s ,  was t r e a t e d  i n  c a u s t i c  soda - sod ium n i t r a t e  melts a t 3 0 0 0 E . .  More 
t h a n  5 0 %  of  G o o n y e l l a  c o a l  was r e c o v e r e d  a s  r e s i d u e  g i v i n g r i s e t o  o n l y  
a s  low as  2 - 6 %  o f  i n t e r m e d i a r y  f o r m a t i o n  o f  humic a c i d s  and a r o m a t i c  
a c i d s ,  s i n c e  t h e  l a t t e r  were  r e a d i l y  o x i d i z e d .  C o n s e q u e n t l y ,  i t  seems 
d i f f i c u l t  t o  o b t a i n  a r o m a t i c  a c i d s  i n  good y i e l d  d i r e c t l y  f rom a h i g h e r  
r a n k  c o a l  s u c h  as Goonye l l a  c o a l  by t h e  o x i d a t i o n  w i t h  n i t r a t e  i n  
c a u s t i c  m e l t s .  

When Goonye l l a  c o a l  and Amax c o a l  p r e o x i d i z e d  i n  a i r  were r e a c t e d  
w i t h  n i t r a t e  i n  c o n c e n t r a t e d  c a u s t i c  soda  s o l u t i o n s  a t  25OOC f o r  3 h r s ,  
t h e  y i e l d s  of t h e  o x i d a t i o n  p r o d u c t s  were improved r emarkab ly  a s  
shown i n  Tab le  5.  

T a b l e  5 .  O x i d a t i o n  o f  t h e  c o a l s  p r e - o x i d i z e d  i n  a i r  
G o o n y e l l a  c o a l :  A i r  o x i d a t i o n ;  3OO0C, 5hr  

Coal  W t .  l o s s  Temp. NaN03 Y i e l d s  t o  c o a l ( w t % )  Mol r a t i o s  t o  
on o x i d n .  Humic Aromatic  i n i t i a l  NO?(%) 

( 9 )  ( w t % )  ("C) ( g )  R e s i d u e  a c i d s  a c i d s  NO? NOi . 
G - 1  5.320 5 . 4  250 2 1  36 1 0  
G - 2  5 .321  4 . 8  6 .59  18  30 28 0 6 8 . 5  
G-3 5.319 2.8 1 7 . 9 4  6 2 7  42 0 9 0 . 0  
G-4 5.318 4 . 9  37.72 6 8 24 22 .5  65.9 
G-5 5.492 5 . 4  300 1 7 . 9 0  4 1 9  25 0 62.8 

A-14 5.529 1 7 . 5  250 1 7 . 9 1  6 1 2  4 2  0 9 0 . 1  

A-15 5 .507  4 .9  250 1 7 . 9 3  4 20 5 3  0 8 2 . 9  
A i r - p r e o x i d i z e d  G o o n y e l l a  c o a l  d i s s o l v e d  a p p r e a c i a b l y  i n  t h e  a l k a l i n e  
s o l u t i o n s  and fo rmed  t h e  i n t e r m e d i a t e s .  Humic a c i d s  d e c r e a s e d  w i t h  i n -  
c r e a s i n g  amount o f  sod ium n i t r a t e .  Aromat i c  a c i d s ,  however ,  r e a c h e d  
maximum a t  18g o f  sodium n i t r a t e .  When a i r - p r e o x i d i z e d  Amax c o a l  was 
u s e d ,  t h e  y i e l d s  o f  a r o m a t i c  a c i d s  were c o n s i d e r a b l y  improved.  The 
d r a s t i c  i n c r e a s e  i n  t h e  oxygen c o n t e n t  f rom 7 .4  t o  28 .3% and t h e  ap -  
p e a r e n c e  of c a r b o n y l  a b s o r p t i o n  i n  I R  r a n g e  u p o n t h e p r e o x i d a t i o n  o f  
Goonye l l a  c o a l  s u g g e s t  t h e  s i g n i f i c a n t  s t r u c t u r a l  and c o n s t i t u t i o n a l  
changes i n  a manner s u i t a b l e  f o r  t h e  o x i d a t i o n .  

From t h e  r e s u l t s  d e s c r i b e d  i t  was made c l e a r  t h a t  t h e  o x i d a t i o n  
became more d i f f i c u l t  f o r  c o a l s  o f  h i g h e r  r a n k .  I n  g e n e r a l ,  i t  is wel l  
known i n  t h e  o x i d a t i o n  o f  c o a l  t h a t  t h e  f o l l o w i n g  s t a g e s  p r o c e e d  S U C -  
c e s s i v e l y  and  t h e  c o n s t i t u t i o n  of c o a l  i s  c l o s e l y  r e l a t e d  t o  i t s  r e a c t i -  
v i t y .  I 

Amax c o a l :  A i r  o x i d a t i o n ;  3OO0C, 5h r  

Amax c o a l :  A i r  o x i d a t i o n ;  25OoC, 5h r  

I1  m c o a l - - - w a t e r  i n s o l u b l e  a c i d s - - - w a t e r  s o l u b l e  a c i d s - - -  C 0 2 ,  H 2 0  
L a t r o b e  coa l  i s  v e r y  a c t i v e  as i t  c o n t a i n s  a l a r g e a m o u n t  o f  oxygen 

i n  t h e  form of a c t i v e  f u n c t i o n a l  g roups  s u c h  as  p h e n o l i c  h y d r o x i d e  and  
c a r b o x y l i c  a c i d .  The r a t e  o f  d i s s o l u t i o n  i n  c o n c e n t r a t e d  c a u s t i c  s o d a  
s o l u t i o n s  was v e r y  f a s t .  The r e a c t i o n s  I and  I1 t h u s  t a k e  p l a c e  smo-8 
o t h l y ,  and  humic a c i d s  and a r o m a t i c  a c i d s  c o u l d  b e  o b t a i n e d  i n  good 
y i e l d .  When Amax c o a l ,  b e i n g  h i g h e r  r a n k  t h a n  L a t r o b e  c o a l ,  was u s e d ,  
t h e  r a t e  o f  d i s s o l u t i o n  was s low,  b u t  t h e  r a t e s  o f  o x i d a t i o n s  o f  humic 
a c i d s  a n d  a r o m a t i c  a c i d s  were r e l a t i v e l y  f a s t  r e s u l t i n g  i n  a lower 
y i e l d  o f  t h e  i n t e r m e d i a t e  oxygen compounds. The t r e n d  was f o u n d  re-  
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markab le  i n  t h e  c a s e  o f  Goonye l l a  c o a l  which w a s  p l a c e d  a t  t h e  h i g h -  
e s t  r a n k  among t h e  samples  t e s t e d .  

was shown i n  T a b l e  6 .  
The c o m p o s i t i o n  of b e n z e n e p o l y c a r b o x y l i c  a c i d s  i n  a r o m a t i c  a c i d s  

T a b l e  6.  D e t e r m i n a t i o n  of  b e n z e n e c a r b o x y l i c  a c i d s  i n  
a r o m a t i c  a c i d s  

Specimen R a t i o s  o f  b e n z e n e c a r b o x y l i c  a c i d s  i n  a r o m a t i c  a c i d s  Y i e l d  t o  
D i  - T r i -  T e t r a -  S um c o a l  

L 3 -  
1 , 2 -  1 , 4 -  l , 2 , 3 - 1 , 2 , 4 -  1 , 3 , 5 -  1,2,3,4-1,2'3,,1,2,4,5-(Wt%) (Wt%) 

L-6 0 . 8 0 . 3  0 .7  2 . 2  0 .5  1.1 1 . 5  2 . 1  9 . 2  5 .5  
L-8 0 . 7 0 . 4  0 . 5 1 . 7  0 . 5  0 . 8  1 . 1 1 . 7  7 . 4  3.9 
L - 1 2  1 . 2 1 . 0  0 . 8 3 . 6  1 . 2  1 . 2  1 . 3 2 . 6 1 2 . 9  6 . 5  
L-13 2.6 0 .8  0 . 6  3 .9  2 . 3  1 . 3  2 . 1  4 . 8  18 .4  3 . 5  
A-5 1 . 7 1 . 2  1 . 0  3 . 8  0 . 8  1.1 1 . 3 2 . 0 1 2 . 9  3.0 
A - 1 2  0 . 8 1 . 3  1 . 4 5 . 0  1 . 2  1 . 5  1 . 4 2 . 5 1 5 . 1  4.4 
A-15 1 . 6  1 . 7  1 . 6  5 .6  1 . 3  1 . 7  1 . 5  2 . 5  1 7 . 5  9 . 3  
G-8 1 . 9  2 . 0  1 . 8  6 . 9  1 . 4  1 . 9  2.0 2 . 8  20 .7  8 .7  
G-10 1 . 5  0 . 6  0 .8  3 . 4  0 . 8  0 .9  1 . 0  1 . 2  10 .2  2.6 

N e i t h e r  b e n z o i c  a c i d  was d e t e c t e d  by g a s  c h r o m a t o g r a p h i c  a n a l y s i s ,  
n o r  was d e t e c t e d  w a t e r - s o l u b l e  a c i d s  s u c h  as  c i t r i c  a c i d  i n  t h e  r a f -  
f i n a t e s  on t h e  me thy l  e t h y l  k e t o n e  e x t r a c t i o n  by pe rmangana te  t i -  
t r a t i o n .  The sum o f  t h e  c o n t e n t s  o f  t h e  b e n z e n e c a r b o x y l i c  a c i d s  
r e a c h e d  a maximum o f  20 .7% i n  t h e  a i r - p r e o x i d i z e d  Goonye l l a  c o a l .  
However, t h e  b e s t  y i e l d  of b e n z e n e c a r b o x y l i c  a c i d s  w a s  o b t a i n e d  i n  
t h e  case of  s i m i l a r l y  t r e a t e d  Amax c o a l .  When L a t r o b e  c o a l  w a s  u s e d ,  
b o t h  t h e  c o n t e n t  of  b e n z e n e c a r b o x y l i c  a c i d s  i n  a r o m a t i c  a c i d s  and 
t h e  y i e l d  of  b e n z e n e c a r b o x y l i c  a c i d s t o  t h e  r a w  c o a l  were n o t  h i g h .  
F u r t h e r m o r e ,  t h e  c o n t e n t  o f  b e n z e n e t e t r a c a r b o x y l i c  a c i d s  was t h e  
h i g h e s t  i n  t h e  b e n z e n e c a r b o x y l i c  a c i d s  f o r  L a t r o b e  c o a l ,  t h a t  of t r i -  
c a r b o x y l i c  a c i d s ,  however ,  was t h e  h i g h e s t  f o r  a i r - p r e o x i d i z e d  Amax 
c o a l  and  Goonye l l a  c o a l .  

C o n c e n t r a t i o n s  o f  c a u s t i c  s o d a  u s e d  i n  t h e  p r e s e n t  s t u d y  m i g h t  
b e  t o o  h i g h  t o  o b t a i n  b e n z e n e c a r b o x y l i c  a c i d s  i n  good y i e l d .  Bu t  
t h e  f o l l o w i n g  r e s u l t s  are c o n c l u d e d .  I n  t h e  o x i d a t i o n  of  c o a l s  
w i t h  t h e  p r e s e n t  method,  a low r a n k  c o a l  s u c h  as L a t r o b e  coa l  d i s -  
s o l v e s  e a s i l y  and fo rms  humic a c i d s  and  a r o m a t i c  a c i d s  i n  good 
y i e l d .  I n  o r d e r  t o  o b t a i n  b e n z e n e c a r b o x y l i c  a c i d s ,  however ,  it i s  
p r o f i t a b l e  t o  u s e  an a i r - p r e o x i d i z e d  h i g h  r a n k e d  c o a l  s u c h  as Amax 
c o a l  and  Goonye l l a  c o a l .  
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